patients with hepatic alveolar echinococcosis (HAe) infringing on the inferior vena cava (IVC) have a poor prognosis when radical resection cannot be performed because curative resection is limited by IVC reconstruction. there is little information concerning combined resection of the liver and the IVC. this study explored a novel treatment method for HAe infringing on the IVC and evaluated the safety and feasibility of combined resection of the liver and the IVC. A total of 13 patients were treated with liver resection combined with IVC resection for end-stage HAE between January 2016 and July 2018 at the Affiliated Hospital of Qinghai University. The demographic, clinical, and follow-up data were collected and analysed. The 13 patients underwent resection of the IVC without reconstruction. Of these, 3 exhibited oedema of both lower limbs and the scrotum (23.1%), 2 exhibited pneumothorax (15.4%), 1 exhibited bile leakage (7.7%), 1 exhibited bacteraemia (7.7%), and 1 developed abdominal haemorrhage that was stopped with conservative treatment (7.7%). There was 1 case of operationrelated mortality because of upper gastrointestinal haemorrhage (7.7%), and no patients developed recurrence or had residual lesions. Liver resection combined with IVC resection is effective and feasible for patients with HAe infringing on the IVC.
reconstruction may be required in some complex surgeries, such as surgeries for end-stage cancer (hepatocellular carcinoma), advanced HAE and major trauma to the IVC; however, IVC reconstruction still does not achieve satisfactory results and increases the potential risk of infection, bleeding, vascular stenosis and thrombogenesis 7, 8 . It has been reported that artificial blood vessels can be used to reconstruct the IVC after resection, but various complications can occur during different periods after the surgery 9 . Although liver resection combined with IVC resection has a high surgical risk, curative surgical resection could improve the prognosis and long-term survival of patients with IVC infringement. Recent advances in techniques for vascular surgery and hepatic surgery, such as total hepatic vascular exclusion, have extended the surgical indications for such end-stage tumours 10 , but it still remains a controversy whether the IVC should be reconstructed. In the present study, given the high incidence of complications after reconstruction of the IVC, we present our experience using liver resection combined with IVC resection in the treatment of HAE infringing on the IVC.
Results
patient characteristics. We collected data from 13 patients with HAE infringing on the IVC who underwent liver resection combined with IVC resection during the study period and who met the common requirements of the surgery team. None of the 13 patients received oral albendazole before surgery because all patients were first diagnosed at the time of surgery. The mean (SD) age of the patients was 34.6 (10.5) years, with an age range of 15-49 years. The mean (SD) follow-up time was 23.7 (10.6) months, ranging from 13 to 45 months. The baseline characteristics of the included patients with HAE infringing on the IVC are listed in Table 1 .
Imaging characteristics. The common symptom on admission in all patients was nonspecific upper abdominal pain; 3 cases were found by physical examination. CT or MRI showed multiple, large, irregular space-occupying lesions (Fig. 1) , and the blood of all patients was positive for hydatid antibodies. All patients were diagnosed with HAE infringing on the IVC, and the inner diameter of the IVC was completely blocked (in one of the patients, 4/5 of the inner diameter had already been violated). According to the PNM classification (Table 2) 11 , 2 patients were P4N0M0, 6 patients were P4N1M0, and 5 patients were P4N1M1. Extrahepatic lesions were located in the lungs in 4 cases (4/13), were located in the brain in 2 cases (2/13), infringed on the diaphragm in 6 cases (6/13), and infringed on the right adrenal gland in 6 cases (6/13). The main lesion in 12 patients was in the right lobe of the liver, and the main lesion in 1 patient was in the left lobe of the liver. The right hepatic vein and middle hepatic vein were invaded in 9 patients, the right hepatic vein was invaded in 2 patients, the left hepatic vein was invaded in 1 patient, and all three veins were invaded in 1 patient. The trunk of the portal vein was invaded in 4 patients, the left portal vein was invaded in 1 patient, and only the right portal vein was invaded in 7 patients. The mean maximum cross-sectional area of the lesion was 141.73 ± 56.37 cm 2 , ranging from 45.07 to 262.72 cm 2 (Table 3) .
treatment.
Thirteen patients underwent resection of the IVC without reconstruction, and radical resection was achieved in all patients. Preoperative percutaneous transhepatic cholangial drainage (PTCD) was performed in 2 patients with liquefactive necrosis of the lesions, and 2 patients were treated with PTCD and endoscopic retrograde cholangiopancreatography (ERCP) for obstructive jaundice. Eight patients underwent hepatic right trilobectomy, 3 underwent right hemihepatectomy, 1 underwent left hemihepatectomy, and 1 underwent extended right trilobectomy. Eight patients underwent ex vivo liver resection and autologous liver transplantation. During the anhepatic time in these 8 cases, we usually used a portal-caval shunt for haemodynamic maintenance. The mean (SD) length of hospitalization was 49.8 (27.2) days, ranging from 11 to 102 days.
postoperative observation. Postoperative complications were defined as complications occurring within 30 days after surgery. After surgery, 3 patients developed oedema of both lower limbs and the scrotum (23.1%), www.nature.com/scientificreports www.nature.com/scientificreports/ 2 developed pneumothorax (15.4%), 1 patient developed bile leakage (7.7%), 1 patient developed bacteraemia that was cured with corresponding treatment (7.7%), and 1 patient developed abdominal haemorrhage that was stopped with conservative treatment (7.7%). The Clavien-Dindo classification relies on the principle of grading complications based on the therapy used to treat the complication and is divided into 5 levels 12 . Grade I complications were recorded in 2 patients (15.4%), grade II in 10 (76.9%) and grade IIIa in 1 (7.7%). Table 2 . PNM classification of alveolar echinococcosis. a For classification, the plane projecting between the bed of the gall bladder and the inferior vena cava divides the liver into two lobes.
No. Sex
b Vessels refers to the inferior vena cava, portal vein and arteries. www.nature.com/scientificreports www.nature.com/scientificreports/ Analysis of patients treated with standard resection and ex vivo resection. Among the 13 patients, 5 patients underwent standard resection, and 8 patients underwent ex vivo resection. In the standard resection group, there were 4 P4N1M0 cases and 1 P4N1M1 case, significantly more than in the ex vivo resection group. The cross-sectional area of the largest lesions in the ex vivo resection group (161.25 cm 2 ) was greater than that in the standard resection group (110.49 cm 2 ). However, the mean length of hospitalization in the standard resection group (59.80 days) remained longer than in that the ex vivo resection group (43.50 days). All patients in the ex vivo resection group were classified as greater than or equal to grade II according to the Clavien-Dindo classification system. All patients who developed complications during hospitalization were in the ex vivo resection group (Table 4) . patient follow-up. With a median follow-up duration of 23.7 months, ranging from 13 to 45 months, all patients returned to the outpatient clinic and received regular follow-up examinations after approximately 6 months and 12 months. At approximately 6 months, all patients had normal liver function, except 1 patient with mildly elevated enzyme levels and 1 patient suffering from persistent malnutrition with long-term nutritional strengthening. Examination by abdominal CT showed that the residual liver compensated well in all patients. One patient showed non-specific gastrointestinal symptoms, while the other patients showed no symptoms of discomfort. At approximately 6 months, the patient with preexisting discomfort showed no significant improvement in the symptoms and presented with cough, nausea and other discomfort. Zero out of the 13 patients experienced recurrence or had residual lesions. There was 1 case of operation-related mortality because of upper gastrointestinal haemorrhage (Table 5 ).
Discussion
The treatment of end-stage HAE is complicated and can range from drug treatment to radical resection. Surgical therapy still remains the first-line treatment for end-stage HAE 13, 14 . Brain metastasis is not a contraindication to surgery, and patients whose metastases were not located in important areas of the brain could still be treated with surgery. Previous treatments for HAE patients with IVC involvement include drug therapy, palliative treatment [PTCD, ERCP+ endoscopic retrograde biliary drainage (ERBD) and palliative surgery] and radical surgery 13, 15 . In our study, all patients with HAE infringing on the IVC underwent liver resection combined with IVC resection, and this treatment has been reported in a few cases to be a safe and effective surgical scheme in end-stage HAE 16 . In comparison with IVC reconstruction after resection, the merits of resecting the IVC without reconstructing it are obvious and include a shorter operative time, less operative trauma, less anticoagulant drug use, and fewer complications 17 . Furthermore, compared with palliative resection, our approach resulted in no postoperative recurrence or residual lesions, which might indicate that radical resection can essentially be achieved by liver resection combined with IVC resection.
The studies investigating resection of the IVC are relatively rare. Unlike previously published case reports 8 , our case series includes patients with complex liver lesions. This series describing 13 patients who underwent IVC resection for HAE infringing on the IVC without prosthetic or autologous reconstruction is the largest to date. IVC involvement was previously an indication for palliative resection. Christian Partensky reported the cases of 18 patients who required liver resection for HAE. Of 9 patients who underwent palliative resection, 2 died during the follow-up period, indicating that IVC involvement does not have a survival advantage for HAE patients 18 . Unlike their results, our retrospective study of HAE infringing on the IVC, with a median follow-up duration of 18 months, showed that there was 1 case of operation-related mortality. Our team concluded that the cause of death was complex hepatectomy and that it had nothing to do with the absence of the IVC. These outcomes highlight the important opinion that patients undergoing IVC resection could achieve a radical cure and that less operative trauma could reduce the rate of surgery-related mortality.
Biliary leakage is a common complication of liver resection that led to persistent fever in 1 patient in our study (7.7%). The patient was cured after reducing the pressure in the biliary tract by endoscopic nasobiliary drainage www.nature.com/scientificreports www.nature.com/scientificreports/ (ENBD). Dziri et al. 19 reported that omentoplasty could reduce the occurrence rate of postoperative biliary leakage after surgery for hepatic echinococcosis in a prospective, multi-centre, randomized trial. Ijichi et al. 20 reported that the biliary leakage test was not an effective means of detecting biliary leakage in a randomized controlled study of 103 patients treated with hepatic resection. Our results show that bile leakage mainly occurred in the ex vivo resection group, which might be related to surgical trauma. Therefore, radical surgery should be performed as much as possible, and the surgeon should minimize unnecessary cutting of the liver surface area.
In patients with complete IVC blockage, the collateral circulation could provide sufficient venous return, and therefore, corresponding symptoms, such as lower limb and scrotal oedema, are uncommon. In this study, the IVC was completely blocked in 12 patients with HAE infringing on the IVC, and 4/5 of the inner diameter was violated in 1 patient. In our cases, preoperative IVC venography showed suitable compensation by the collateral circulation in all patients (Fig. 2) . Hence, IVC reestablishment may not be feasible in these patients. In line with previous results 21 , no patients showed lower limb or scrotal oedema before the operation. However, in our study, 3 patients had lower limb and scrotal oedema after combined resection of the liver and RHIVC. All of these patients were in the ex vivo resection group. Therefore, it could not be determined whether the complication was related to the surgical trauma or the surgical approach. Further study is needed to elucidate whether it this complication is related to removal of the RHIVC. We believe that IVC reestablishment might be beneficial in patients who have poor compensation via the collateral circulation preoperatively.
Infection and thrombosis are the 2 major complications of IVC reconstruction, but both are uncommon. There may not be any clinical means of decreasing the incidence of graft thrombosis aside from short-term anticoagulation treatment 22 . In our study, all patients underwent IVC resection without reconstruction, and anticoagulation therapy was rarely used after surgery. The literature shows that the 23 operation-related mortality rate of liver resection combined with IVC resection and artificial vascular graft reconstruction is 8.1%. To the best of our knowledge, there have been no studies strictly comparing the surgical outcomes of combined resection of the liver and the IVC with and without IVC reconstruction. Postoperative haemorrhage, including abdominal or gastrointestinal haemorrhage, is a common factor affecting mortality. From 1960 to 1972, the mortality rate was 70% Table 4 . Preoperative and postoperative baseline characteristics of patients treated with standard resection and ex vivo resection. *All refers to preoperative indicators.
www.nature.com/scientificreports www.nature.com/scientificreports/ and 94% after 5 and 10 years, respectively 4 . However, in our study, there was 1 case of operation-related mortality due to upper gastrointestinal haemorrhage (7.7%), which is a relatively low rate compared to those previously reported. It is possible that gastrointestinal bleeding might be a reason for portal venous system reconstruction because the patient was in the ex vivo resection group.
Renal dysfunction is another complication of performing IVC resection. It has been reported that 21 patients with obstruction of the suprarenal IVC and a poor collateral circulation are at an increased risk of renal failure after IVC ligation. In our series, 1 patient had transient renal insufficiency after removal of the IVC and was cured with the corresponding treatment. The postoperative serum creatinine level was increased continuously for a short period of time in this patient who did not undergo IVC reconstruction. We believe that the reason for this outcome might be systemic postoperative infection. Hardwigsen et al. 8 proposed that IVC reconstruction might be indispensable if haemodynamics are unstable intraoperatively or postoperatively. In our study, all patients underwent hepatectomy, and it was common to encounter unstable haemodynamics while blocking the hepatic portal system or during extracorporeal circulation. However, none of our patients developed operation-related renal failure. We also determined the Clavien-Dindo classification of the 13 patients; only 1 patient was classified as grade IIIa according to the postoperative therapy for patients with complicated hepatectomy because the patient needed ERCP and endoscopic nasobiliary drainage (ENBD) to reduce the biliary tract pressure, which might have been due to biliary reconstruction during autologous liver transplantation. Therefore, these complications were not the result of removal of the IVC.
This study was the first to explore the performance of IVC resection without reconstruction in treating end-stage hepatic alveolar echinococcosis. Furthermore, the preoperative preparation in these cases was www.nature.com/scientificreports www.nature.com/scientificreports/ performed well, the operations were difficult, and the surgical approach was unique. Additionally, this article indirectly reflects the shortcomings of previous reports and could serve as a reference for removal of the inferior vena cava. The extent of inferior vena cava invasion was used as an index for the surgical method. This method avoids residual lesions and could achieve radical resection to treat patients with multiple involved organs. The study also has some limitations. First, for studying this type of surgery, a larger sample size should be used. Second, this surgical method also lacks evidence from clinical prospective studies and multi-centre collaboration to verify the findings. Third, the study could not completely eliminate the effect of different types of hepatectomy.
Conclusion
Liver resection combined with IVC resection is effective and feasible in patients with HAE infringing on the IVC.
Methods
This study was approved by the Institutional Research Ethics Board of Qinghai University Affiliated Hospital and conformed to the Declaration of Helsinki (No. P-SL-2018005). The requirement of written informed consent was waived because of the retrospective nature of the study. This study did not involve human or animal tissue or blood samples. study design. We retrospectively collected information related to patients treated for HAE infringing on the IVC by liver resection combined with IVC resection at the Affiliated Hospital of Qinghai University, Qinghai, China, from January 2016 to July 2018. The demographic, clinical, and follow-up data were collected and analysed.
patients. Patients were selected according to the common protocol of our team: diagnosis of HAE infringing on the IVC; age <50 years; patients who could undergo radical resection; future remnant liver volume (FRLV) >30%; patients with Child-Pugh classification A or B who could reach A with appropriate intervention; no operative history; no serious concomitant diseases; and indocyanine green retention rate at 15 minutes (ICG R15) <10%. Patients with hepatocellular jaundice, hepatitis B virus DNA quantity >10 4 , patients with any organ failure, patients with abnormal heart or pulmonary function, patients with haematological diseases and patients who could not tolerate general anaesthesia or tracheal intubation were excluded according to our team's experience. All patients who were selected consented to operative treatment. Clinical data. Baseline data, including sex, age, symptom, location of lesion, size of lesion, involvement of blood vessels and bile ducts, operative method, Child-Pugh classification, and postoperative complications, were collected. Characteristics of patients during the follow-up period were recorded, including the results of CT or MRI. End-stage HAE was defined as a lesion invading most of the liver and important vessels, induces obstructive www.nature.com/scientificreports www.nature.com/scientificreports/ jaundice and portal hypertension, among other conditions, and leads to the inability to perform radical liver resection 5, 11, 14, 24 . Recurrence of HAE was defined as AE occurring at the primary lesion site in the liver after radical resection. Radical resection of HAE was defined as complete removal of the lesion through surgery.
surgery. An accurate evaluation was necessary before each operation, with the aim of reducing the risk of serious complications, such as liver failure. We usually used PTCD or biliary stent placement by ERCP in patients with obstructive jaundice to achieve reduce the jaundice preoperatively. To further ensure the safety of each operation, we also performed three-dimensional (3D) reconstruction of the liver and virtual excision of the liver using a computer software system before the operation (IQQA ® -Liver, EDDA technology, USA). The indocyanine green retention rate at 15 minutes (ICG R15) needed to be <10% for each patient 1 week preoperatively.
An abdominal inverse L-shaped incision or J-shaped incision was performed for a complicated operation to achieve excellent exposure of the abdominal cavity after general anaesthesia was induced. After careful surgical exploration, we performed hepatectomy or total ex vivo autologous liver transplantation for advanced HAE according to the preoperative 3D reconstruction and virtual excision of the liver. We also had to perform a stepwise resection because of the large lesion and limited operating space. We found that the RHIVC was infiltrated and that its inner diameter was completely blocked (in one of these patients, 4/5 of the inner diameter had already been violated). Given that there is still no ideal graft material, reconstruction of the RHIVC could cause greater trauma and increase the risk of thrombosis. Therefore, we decided to remove the IVC. To perform ex vivo liver resection and autologous liver transplantation, we ligated and cut the blocked IVC between the upward side of the confluence of the three hepatic veins and 1 cm above the confluence of the left renal vein. For patients only undergoing hepatectomy, we usually ligated and cut the blocked IVC between 1 cm below the confluence of the hepatic vein and 1 cm above the confluence of the left renal vein.
The surgeon and the anaesthesiologist jointly conducted a cardiopulmonary function assessment of the patient, including real-time cardiography, blood pressure monitoring, fingertip oximetry, real-time central venous pressure monitoring, arterial blood gas analysis and intraoperative ultrasound for approximately 20 minutes after the RHIVC was removed, and then we confirmed that the patient had normal respiratory and circulatory function.
postoperative management and follow-up. All patients underwent long-term treatment with oral albendazole after the surgery, especially patients brain and lung metastases (15 mg/kg/day for at least 6-12 months) 25 . Routine blood and liver function tests were performed at least every 6 months during medical treatment. During the follow-up period, CT or MRI and liver function tests were performed at 6 and 12 months and then every year after the operation. We used the Clavien-Dindo classification system to assess short-term postoperative complications.
statistical analysis. Statistical analysis of the data was performed using SPSS software version 23.0 (IBM Corporation, 2015, USA). Normally distributed continuous variables are described as the mean ± standard deviation, and variables without a normal distribution are described as the median. Qualitative variables are presented as numbers and proportions.
Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request.
